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(54) WEAR RESISTANT ALUMINUM ALLOY LONG-LENGTH BODY, PRODUCTION METHOD THEREFOR AND 
PISTON FOR CAR AIR CONDITIONER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wear resistant aluminum alloy long-length body which has excellent shear 
cuttability and can be subjected to die peeling treatment, and to provide a production method therefor. 
SOLUTION: The wear resistant aluminum alloy long-length body has a composition containing, by mass, 7 to 13% Si, 
0.001 to 0.3% Fe, 2.0 to 5.0% Cu, 0.3 to 1.0% Mg, 0.001 to 0.3% Mn, 0.001 to 0.3% Cr, 0.003 to 0.03% Sr and 0.005 to 0.05% 
Ti, and the balance Al with inevitable impurities. The size of Si particles present in the inside is <10 fl m by the average 
value, and is <30 fjt m by the maximum value, and the size of Si particles in the range from the surface layer to a depth 
of 1.5 mm lies in the range of <6 //m by the maximum value. The Al alloy has a crystal structure of one kind selected 
from the group consisting of a hot rolled structure, a recrystallized structure and a mixed structure of a hot rolled 
structure and a recrystallized structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1]More than 0.001 mass % for silicon iron Below 0.3 mass %. [ more than 7 mass % ] [ below 13 mass % ] More than 
0.3 mass % for copper magnesium Below 1.0 mass %. [ more than 2.0 mass % ] [ below 5.0 mass % ] More than 0.001 mass 
% for manganese chromium Below 0.3 mass %. [ more than 0.001 mass % ] [ below 0.3 mass % ] Below as for 0.05 mass %, 
titanium is included [ more than 0.003 mass % / below 0.03 mass % / more than 0.005 mass % ] for strontium, A size of 
silicon particles which exist in an inside by the remainder consisting of aluminum and an inevitable impurity by average 
value 10 micrometers or less, A size of 30 micrometers or less and silicon particles in a range from a surface to a depth 
of 1.5 mm is in the range of 6 micrometers or less at the maximum by the maximum, And a wear-resistant aluminum alloy 
long body which are one sort of organizations as which the crystalline structure of an aluminum alloy was chosen from a 
group which consists of a mixed organization of hot rolling structure, recrystajlized structure, and hot rolling structure and 
recrystallized structure. 

[Claim 2]The wear-resistant aluminum alloy long body according to claim 1 which exceeds 0.2 mass % and as for which 
below 0.3 mass % contains iron. 

[Claim 3]The wear-resistant aluminum alloy long body according to claim 1 or 2 which has surface hardness within the 
limits of 90 or less [ 50 or more ] with an F scale of Rockwell hardness. 

[Claim 4]A wear-resistant aluminum alloy long body given in any 1 paragraph from claim 1 to claim 3 whose surface 
roughness is 10 micrometers or less in Rmax. 

[Claim 5]A wear-resistant aluminum alloy long body given in any 1 paragraph from claim 1 to claim 4 which has the 
surface where dice scalping processing was performed. 

[Claim 6]A piston for car air conditioners which equipped any 1 paragraph from claim 1 to claim 5 with a wear-resistant 
aluminum alloy long body of a statement. 

[Claim 7]A manufacturing method of a wear-resistant aluminum alloy long body characterized by comprising the following. 
A process of obtaining a cast body by carrying out continuous casting of the aluminum alloy so that secondary branch 
intervals of a dendrite may be set to 40 micrometers or less. 

A process of acquiring a rolling object by hot-rolling said cast body with not less than 40% of workability in not less than 
350 ** a temperature requirement 500 ** or less. 

A process of heat-treating said rolling object in not less than 300 ** a temperature requirement 480 ** or less for 50 or 
less hours for 2 hours or more. 

[Claim 8]A manufacturing method of the wear-resistant aluminum alloy long body according to claim 7 which equips the 
surface of said rolling object with a process of performing dice scalping processing, further after said process to 
heat-treat. 

[Claim 9]A manufacturing method of the wear-resistant aluminum alloy long body according to claim 8 which surface 
hardness of said rolling object controls by an F scale of Rockwell hardness within the limits of 85 or less [ 45 or more ] 
before a process of performing said dice scalping processing. 

[Claim 10]A manufacturing method of the wear-resistant aluminum alloy long body according to claim 8 or 9 whose 
amount of scalping according [ on a process of performing said dice scalping processing, and ] to a dice is 1 mm or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the piston for car air conditioners provided with a wear-resistant 
aluminum alloy long body excellent in shearing nature, a manufacturing method for the same, and its wear-resistant 
aluminum alloy long body. 
[0002] 

[Description of the Prior Art]0.3-1.0 mass % 2.0 to 5.0 mass %, and magnesium for seven to 13 mass %, and copper the 
included cast aluminum alloy, [ silicon ] While it is lightweight, it is used for members, such as a piston for car air 
conditioners with these high demand characteristics, from the outstanding abrasion resistance and mechanical property. 
In order to reconcile abrasion resistance and a mechanical property, the quantity of the silicon particles to crystallize is 
controlled by this kind of alloy. 

[0003]For example, typical its high intensity and wear-resistant aluminum alloy are proposed by JP,64-1 7834,A. The 
aluminum alloy indicated by this gazette is cast and manufactured with a high cooling rate by the continuous casting 
process of a fixed mold method, and a semi-continuous casting method. The size of the silicon particles which 
crystallized the internal tissue of the cast bar manufactured in this process is 8 micrometers or less. 
The size is distributed a set and uniformly. 

In the case of this aluminum alloy, for the minuteness making of silicon particles, below 0.25 mass % adds titanium and 
boron in that sum total, and it is cooled and manufactured at not less than 4 **/sec in speed after casting. As a result, 
surface hardness is controlled by the F scale of Rockwell hardness by 67-75. Optimum dose of alloy contents are added 
and the toughness of the matrix of an aluminum alloy is improved. This is for solving the problem that a smooth cutting 
plane is hard to be acquired, when a crack is transmitted to this silicon particle that carries out a segregation and 
changes direction at the time of shearing, since silicon particles are carrying out [ the cast bar used with cast structure ] 
the segregation to the grain boundary at the time of coagulation. 

[0004]By these devices, the aluminum alloy indicated by the above-mentioned gazette becomes the so-called good thing 
of the shearing nature which cannot receive **-like damage easily while the sheared surface becomes flat, when cutting 
in Shache. 

[0005]However, in the manufacturing method of the aluminum alloy indicated by the above-mentioned gazette, while the 
facility cost for performing forced cooling after casting increased, there was a problem of decline in the productive 
efficiency by the formation of half-continuation of a manufacturing process. 
[0006] 

[Problem(s) to be Solved by the Invention]For this reason, this invention persons have studied the manufacturing method 
for moreover raising the productive efficiency at the time of continuous casting, without performing the above rapid 
cooling processes. As a result, although the range of the particle size distribution of silicon particles spread, according to 
the continuous casting process with higher productive efficiency which combined the continuous casting machine of the 
movable mold method represented by the pro PERUCHI type continuous casting machine, and hot-rolling, it turned out 
that the alloy excellent in shearing nature is obtained. 

[0007]The continuous casting rolled stock obtained by the way this invention persons are advancing research Hot rolling 
structure, recrystallized structure, Or since it consists of either of the mixed organizations of hot rolling structure and 
recrystallized structure, when Shache shears, a section better than the conventional cast bar in which big and rough 
silicon particles are carrying out the segregation to the grain boundary of the matrix is shown. 

[0008]In a casting process, a perspiration belt, a ripple mark, a trauma, etc. arise on the surface of an ingot. Since a 
cutting crack arises at the time of shearing, a forging crack arises at the time of a forge and fatigue strength etc. fail in a 
final product when not removing these defects, surface cutting processing is usually performed before shearing. 
[0009jSuch surface cutting of a long body has the dice scalping processing shaved off with the dice which is shaved off 
with a cutting tool, and which was peeling-processed and was fixed. 

rOOIOl Drawing 4 shows the peeling processing which shaves off the surface of the work material 1 using the byte 2 as a 
cutting tool. Drawing 5 shows dice scalping processing in which the surface of the work material 1 is shaved off with the 
fixed dice 4. Generally, the dice scalping processing has productivity higher than peeling processing. However, in the 
casting process by the fixed mold method held from the former also including the manufacturing method indicated by 
JP,64-17834,A, from the restrictions described below, since it is difficult to perform dice scalping processing, peeling 
processing has been used. 

[001 1]First, since the organization consists of cast structure, the cast bar manufactured by the continuous casting 
process of the fixed mold method cannot perform dice scalping processing. Dice scalping processing uses the dice which 
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comprises one pair of centering dices 3, and the scalping dice 4, as shown in drawing 5 . The centering dice 3 performs 
cold work to a work material slightly for the alignment of the work material 1 introduced into the scalping dice 4. Under 
the present circumstances, the cast bar as a work material cannot bear that cold work, but is fractured. 
[0012]On the other hand, since hot rolling structure is formed of the hot rolling process, continuous casting rolled stock is 
rich in processability as compared with a cast bar, and cold work is also possible for it. However, in the aluminum alloy of 
the presentation indicated so far, when dice scalping processing of the continuous casting rolled stock is carried out, 
problems, such as a fracture and peeling (surface deterioration) of the surface, arise. 

[0013]Then, while the purpose of this invention is excellent in shearing nature. [ which can perform dice scalping 
processing ] It is providing the piston for car air conditioners provided with a wear-resistant aluminum alloy long body 
which combines high fatigue strength and high abrasion resistance, a manufacturing method for the same, and its 
wear-resistant aluminum alloy long body. 
[0014] 

[Means for Solving the Problem]A wear-resistant aluminum alloy long body according to this invention, More than 0.001 
mass % iron (Fe) for silicon (Si) Below 0.3 mass %. [ more than 7 mass % ] [ below 13 mass % ] More than 0.3 mass % 
magnesium (Mg) for copper (Cu) Below 1.0 mass %. [ more than 2.0 mass % ] [ below 5.0 mass % ] More than 0.001 mass % 
chromium (Cr) for manganese (Mn) Below 0.3 mass %. [ more than 0.001 mass % ] [ below 0.3 mass % ] More than 0.003 
mass % strontium (Sr) Below 0.03 mass %. The remainder consists of aluminum (aluminum) and an inevitable impurity, 
below 0.05 mass % including [ more than 0.005 mass % ] titanium (Ti), A size of silicon particles which exist in an inside at 
10 micrometers or less and the maximum with average value 30 micrometers or less, They are one sort of organizations 
chosen from a group which a size of silicon particles in a range from a surface to a depth of 1.5 mm is in the range of 6 
micrometers or less at the maximum, and the crystalline structure of an aluminum alloy becomes from a mixed 
organization of hot rolling structure, recrystallized structure, and hot rolling structure and recrystallized structure. 
[0015]Especially in a wear-resistant aluminum alloy long body of this invention, as for iron content, in order to aim at 
improvement in dice scalping nature, it is preferred to exceed 0.2 mass % and to make it a range below 0.3 mass %. 
[0016]In a wear-resistant aluminum alloy long body of this invention, in order to improve especially shearing nature, it is 
preferred that surface hardness of an aluminum alloy is within the limits of 90 or less [ 50 or more ] in an F scale of 
Rockwell hardness. 

[001 7]In order to prevent a crack deviation by surface unevenness in the case of shearing processing, it is preferred that 
surface roughness of an aluminum alloy shall be 10 micrometers or less by Rmax. 

[0018]As for a piston for car air conditioners according to this invention, it is preferred to use a wear-resistant aluminum 
alloy long body provided with above-mentioned composition. 

[001 9]A manufacturing method of a wear-resistant aluminum alloy long body according to this invention is provided with 
the following processes. 

[0020](a) A process of obtaining a cast body by carrying out continuous casting of the aluminum alloy so that secondary 
branch intervals of a dendrite may be set to 40 micrometers or less. 

[0021](b) A process of acquiring a rolling object by hot-rolling a cast body with not less than 40% of workability in 350 or 
more ** a temperature requirement 500 ** or less. 

[0022](c) A process of heatHreating a rolling object in 300 or more ** a temperature requirement 480 ** or less in 50 or 
less hours for 2 hours or more. 

[0023]By manufacturing an aluminum alloy long body using the above-mentioned manufacturing method, dice scalping 
processing of an acquired rolling object becomes easy. 

[0024]Incidentally, if it sees also to an aluminum alloy indicated by JP,64-1 7834,A micro, dendrite-like secondary particles 
exist in it as feathers-like Akira slightly, but if it sees macroscopically, it will be an organization which makes a columnar 
crystal a subject, and it differs from an organization of an aluminum alloy obtained by this invention. 

[0025]In a manufacturing method of a wear-resistant aluminum alloy long body of this invention, it is preferred to perform 
dice scalping processing to the surface of a rolling object after a process to heat-treat. 

[0026]When performing dice scalping processing, it is preferred to control surface hardness of a rolling object by an F 
scale of Rockwell hardness within the limits of 85 or less [ 45 or more ] before a process of performing dice scalping 
processing. As for the amount of scalping by a dice, in a process of performing dice scalping processing, it is preferred 
that it is 1 mm or less. 

[0027]A wear-resistant aluminum alloy long body of this invention is suitable for a use with wear-resistant high demand 
characteristics like a piston for car air conditioners, for example. That is, abrasion resistance improves by leaps and 
bounds by carrying out continuous casting rolling by arranging a processed surface which intersects perpendicularly with 
a flow (alignment) of a longitudinal direction produced in an organization of an obtained aluminum alloy to a shoe holder 
part in a portion made into a sliding surface, for example, a piston of a swash plate type compressor. 
[0028] 

[Embodiment of the Invention]Below, an embodiment of the invention is described in detail. 

[0029]The reason for limitation of the content of each constituent element in the aluminum alloy of this invention is as 
follows. 

[0030]Addition of copper and magnesium determines intensity, if there is too little such quantity, it runs short of intensity, 
and an embrittlement action is shown when too large. For example, in the use as which high abrasion resistance is 
required like the piston for car air conditioners, if abrasion resistance and dice scalping nature are taken into 
consideration, in more than 0.3 mass %, copper content needs to be [ more than 2.0 mass % / below 5.0 mass % / the 
content of magnesium ] within the limits below 1 .0 mass %. 

[0031]As for silicon, the addition, particle diameter, and particle size distribution affect abrasion resistance and fatigue 
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strength. Control of particle diameter and particle size distribution is performed by casting in the cooling rate large [ 
however ] and comparatively high in JP,64-1 7834,A depending on a manufacturing method. On the other hand, in this 
invention, since distribution and dispersion of a cooling rate are permitted, there is a tendency for the size of the silicon 
particles to crystallize to become large, but. By controlling that the size of silicon particles becomes large by addition of 
strontium unlike the manufacturing method indicated by JP.64-1 7834,A, and easing dispersion in the particle diameter of 
silicon particles by heat treatment further, The particle diameter and particle size distribution of silicon particles are 
controllable. However, although strontium is effective to the minuteness making of primary crystal silicon, the addition is 
carried out [ more than 0.003 mass % ] within the limits below 0.03 mass %. If the content of strontium exceeds 0.03 mass 
%, gas absorption will become intense while the minuteness making effect of silicon particles is saturated. If the content of 
strontium is less than 0.003 mass %, the minuteness making effect of silicon particles will not be accepted. 
[0032]In the case of the aluminum alloy of this invention, the upper limit of the addition of silicon is restricted at eutectic 
composition. For this reason, since expansion of an eutectic point is accepted in the coagulation of a nonequilibrium state, 
the upper limit of the content of silicon is taken as 13 mass %. On the other hand, since an aluminum alloy primary phase 
(alpha phase) will be made big and rough if there is little content of silicon, the lower limit of the content of silicon is made 
into 7 mass %. 

[0033]Titanium is required in order to carry out minuteness making of the alpha phase. When less than 0.005 mass %, the 
minuteness making effect of the content of titanium is small, and the effect is small even if it adds exceeding 0.05 mass %. 
[0034]As for the content of chromium, as for iron content, below 0.3 mass % carries out [ more than 0.001 mass % / 
below 0.3 mass % / more than 0.001 mass % / below 0.3 mass % / more than 0.001 mass % ] content of manganese. 
[0035]Since it becomes easy to form other alloying elements in an alloy, and big and rough crystallized material at the 
time of the coagulation of an aluminum alloy and the mechanical property of an alloy may be spoiled if there is too much 
iron content, below 0.3 mass % carries out iron content. Therefore, below 0.3 mass % carries out for the same reason also 
with the content of manganese and chromium which form iron and big and rough crystallized material. 
[0036]As for iron content, in order to raise both shearing nature and scalping nature, it is desirable that exceed 0.2 mass 
% and below 0.3 mass % carries out. 

[0037]In order to prevent the deviation phenomenon of the crack at the time of shearing in this invention, In order to 
secure the dice scalping nature mentioned later, while it shall be referred to as 10 micrometers or less by average value 
and the size of the silicon particles which exist in an inside shall be 30 micrometers or less at the maximum, the size of 
the silicon particles in the range from a surface to a depth of 1.5 mm shall be 6 micrometers or less at the maximum. 
[0038]Thus, if size of silicon particles is not controlled, if more than 3.0 mass % becomes more than 0.5 mass %, 
respectively as for within the limits of the aluminum alloy composition of this invention, the content of copper and 
magnesium, The aluminum alloy which has the dice scalping nature which was excellent with the outstanding shearing 
nature cannot be obtained. The relation of the reason and organization of the aluminum alloy of this invention is 
considered as follows. 

[0039]if big silicon particles which exceed 30 micrometers inside an aluminum alloy exist, at the time of shearing, it will 
become easy to deflect a crack. While modification of material becoming large and becoming easy to produce an opening 
around big silicon particles if a proper crack is not produced when load of the shearing force is carried out to the stage in 
early stages of shearing, i.e., the surface, silicon particles are damaged and a crack deviates. Thus, if the deformation of 
material becomes large, silicon particles smaller than 30 micrometers will also cause a crack deviation. For this reason, it 
becomes easy to produce the phenomenon in which a crack deviation and modification influence each other. Therefore, in 
order to produce a proper crack in the stage in early stages of shearing, the maximum also needs to set to 6 micrometers 
or less the size of the silicon particles which exist in the range to a depth of 1.5 mm at least from a surface. 
[0040]At this time, as it sees after casting of the aluminum alloy indicated by JP,64-1 7834,A, silicon particles, Since it will 
be transmitted to the field of high-density silicon particles and will deviate and progress if a crack puts it in another way 
as silicon particles being the eutectic structure which crystallized with high density to the grain boundary of the matrix 
along the grain boundary easily, the smooth nature of the cutting fracture surface is lost. Therefore, without producing 
the deviation of a crack at the time of shearing, in order to perform shearing, the aluminum alloy of this invention is 
controlled to have one organization of the mixed organizations of the hot rolling structure which canceled cast structure, 
recrystallized structure, or hot rolling structure and recrystallized structure. 

[0041]The hardness of material also affects shearing nature. If the deformation of material becomes large before a crack 
occurs in the stage in early stages of shearing as mentioned above, it will act so that silicon particles smaller than 30 
micrometers may also deflect a crack. For this reason, as for surface hardness, it is preferred that it is 50 or more in the 
F scale of Rockwell hardness. As for the range of surface hardness, since generating of the initial crack in the surface of 
materia! will become sensitive on the other hand at surface roughness if surface hardness becomes larger than 90 with 
the F scale of Rockwell hardness, it is preferred that it is 90 or less [ 50 or more ] in the F scale of Rockwell hardness. 
[0042]Since the surface roughness of material also affects shearing nature, it is preferred that it is 10 micrometers or 
less in Rmax. 

[0043]ln this invention, what carried out dice scalping processing of the aluminum alloy long body which has the 
above-mentioned feature as what is most excellent in shearing nature further is proposed. Since [ which is produced 
inevitably / being spiral ] it grinds and an eye level difference is not produced, it does not make the deviation of a crack 
cause in connection with this level difference at the time of shearing in peeling processing, while dice scalping processing 
removes surface discontinuity. 

[0044]When copper and magnesium which are added in order to raise mechanical intensity are included so much, since 
the work-hardening ability of these ingredients is high, an aluminum alloy attains and produces the fracture of the material 
produced at the time of dice scalping processing in a working limit. In order to prevent this fracture, it is usually 
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necessary to lower hardness by softening processing. On the other hand, if hardness falls by softening processing, it will 
become easy to produce peeling at the time of dice scalping processing. In order to conquer these opposite technical 
problems, as mentioned above, the size of silicon particles is controlled by this invention. 

[0045]That is, as a result of this invention persons' advancing investigation about an improvement of the material fracture 
at the time of dice scalping processing, and control of generating of peeling, it turned out that the size of the silicon 
particles which exist in the inside of material is participating in the material fracture first. That is, if the silicon particles of 
the size over 30 micrometers exist in the inside of material, material will carry out a KAPPI fracture easily. For this 
reason, the maximum shall also be 30 micrometers or less and the size of silicon particles sets it to 20 micrometers or 
less preferably. 

[0046]ln order to control generating of peeling, it is effective to raise the surface hardness of material and it is desirable 
to raise surface hardness in consideration of work hardening at the time of dice scalping within limits which are not 
fractured during dice scalping processing. Although proper hardness changes with content of copper and magnesium, in 
order to make surface hardness after dice scalping processing or less [ 50 or more ] into 90 with the F scale of Rockwell 
hardness as hardness suitable for shearing, specifically, It is preferred to adjust the surface hardness before dice scalping 
processing with the F scale of Rockwell hardness within the limits of 85 or less [ 45 or more ]. 

[0047]In order to make the surface after scalping processing smooth, the maximum also sets the size of the silicon 
particles which exist in the surface to remove to 6 micrometers or less. The big drag crack of silicon particles occurs at 
the time of dice scalping processing at the same time it will become easy to deflect a crack at the time of shearing, if the 
size of silicon particles exceeds 6 micrometers in a surface. 

[0048] Good scalping processing is attained by control of the size of these silicon particles. 

[0049]Even if cast structure is used as a base and control of such size of silicon particles performs it, it cannot obtain 
material of outstanding shearing nature like this invention, and dice scalping nature. That is, in the aluminum alloy of this 
invention, since the crystalline structure comprises one organization of the mixed organizations of hot rolling structure, 
recrystallized structure, or hot rolling structure and recrystallized structure, the aluminum alloy excellent in both shearing 
nature and dice scalping nature can be obtained. 

[0050]The amount of scalping at the time of dice scalping processing is also set to one of the important manufacturing 
conditions. Since material loss will increase while resistance increases in a scalping dice and material fractures if the 
amount of scalping becomes excessive, it is preferred that it is 1 mm or less. Still more preferably, in order to remove 
surface discontinuity, the amount of scalping is 0.01 mm or more 1 mm or less. 

[0051]In order to obtain the internal tissue of an above-mentioned aluminum alloy, it is good to manufacture an aluminum 
alloy long body using the continuous casting roiling method which combined the casting machine and hot rolling mill of the 
movable mold method fundamentally. This is because re crystallization particles become large easily and the cold work of 
the obtained material becomes difficult, when the method of performing casting and rolling of a batch method is adopted. 
[0052]However, if the cooling rate at the time of casting is not controlled so that secondary branch intervals of a dendrite 
are set to 40 micrometers or less, it cannot obtain size of the silicon particles controlled as mentioned above. Thus, when 
secondary branch intervals of a dendrite are 40 micrometers or less, the size of the compound of an iron system which 
deposits after casting also becomes small. When manufacturing a long body with the continuous casting rolling method of 
this invention using the constituent which consists of a fundamental component of the aluminum alloy of this invention, if 
secondary branch intervals of this dendrite are not controlled specially, in casting, it will become easy to make size of the 
compound of an iron system big and rough. Therefore, in not controlling secondary branch intervals of a dendrite, unless 
it controls iron content below to 0.2 mass %, the shearing nature and dice scalping nature by this invention cannot be 
attained. In this case, it is necessary to also control similarly manganese and chromium which form iron and a compound 
at the time of casting to the content below 0.25 mass %. 

[0053]However, in the manufacturing method of this invention, By controlling a secondary dendrite branch interval to 40 
mm or less, iron content to 0.3 mass %, It becomes possible to raise the content of manganese and chromium to 0.3 mass 
%, respectively, iron content exceeds 0.2 mass % especially as mentioned above, and the alloy which was excellent in both 
shearing nature and dice scalping nature also in the field below 0.3 mass % comes to be obtained. 
[0054]However, if iron content increases more than 0.3 mass %, the compound of an iron system of the size over 20 
micrometers will generate, and it will become a cause of a KAPPI fracture like big and rough silicon particles at the time 
of dice scalping processing. 

[0055]ln the manufacturing method of this invention, after casting, rolling temperature is made into the not less than 350 
** range of 500 ** or less, and it hot-rolls with not less than 40% of workability. This workability is workability required in 
order to make cast structure the mixed organization of hot rolling structure, recrystallized structure, or hot rolling 
structure and recrystallized structure. Let rolling temperature be the above-mentioned range because rolling becomes 
difficult with work hardening and rolling becomes difficult by the grain community crack over 500 ** at less than 350 **. 
Even if it rolls round the aluminum alloy after the end of hot-rolling to a coiled form, it may be cut to standard size and 
may be made into a bar, but in order to employ the advantage of dice scalping processing efficiently, winding around a 
coiled form is preferred. 

[0056]As for the aluminum alloy of a coiled form or a bar, heat treatment is performed in 50 or less hours in not less than 
300 ** a temperature requirement 480 ** or less for 2 hours or more for hardness adjustment, adjustment of the particle 
diameter of silicon particles, and control of a crystal grain. In heat treating time, heat treatment temperature becomes 
extremely long too much in less than 300 **. If heat treatment temperature exceeds 480 **, when the copper system 
compound crystallized by the nonequilibrium state at the time of coagulation will shift to an equilibrium situation on the 
other hand, while producing a small void according to the difference of the material balance, it is for the quantity of the 
dissolving copper to increase. Since the void generated at the time of dice scalping processing serves as a starting point 
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of destruction and the copper which dissolved enlarges work-hardening ability, dice scalping processing is made difficult. 
[0057] 

[Example] Hereafter, the example of this invention is described. 

[0058]The sample which has three kinds of different internal tissue was produced to each presentation of this invention 
presentation shown in Table 1, and a comparison presentation (unit: mass %). It is as having made it correspond to 
presentation No. and the feature of three kinds of internal tissue having been shown in the column on the left-hand side 
of Table 2. The sample which has the internal tissue (1) and (2) was produced with the pro PERUCHI continuous casting 
machine. The sample which has interna! tissue (3) was produced with the horizontal-type continuous casting machine. 
[0059]The cross-section area of the casting material produced with a pro PERUCHI continuous casting machine is 
2 

3500-mm , and the degree of ****** to the casting machine of a molten metal was 650 ** - 690 **. The casting 
material produced with the pro PERUCHI continuous casting machine was hot-rolled at the temperature of 420 ** within 
5 minutes after the completion of coagulation, and was used as a long body 30 mm in diameter. This long body was rolled 
round to a coiled form 1.7 m in diameter. The workability at this time was 80% in the reduction of area. On the occasion of 
production of a sample using a pro PERUCHI continuous casting machine, internal tissue (1) should carry out continuous 
casting of what carried out continuous casting so that secondary branch intervals of a dendrite might be set to 40 
micrometers or less, and the internal tissue (2) so that secondary branch intervals of a dendrite might be set to 50 
micrometers or less. In internal tissue (1), in order to attain a earlier cooling rate, what changed the quality of a mold 
material into the copper alloy, and produced it from steel alloys with the increase in the number of cooled nozzles of a 
pro PERUCHI casting machine and the increase in a circulating water flow was prepared. 

[0060]About the sample which has internal tissue (3), a cast bar 30 mm in diameter was produced by the method 
indicated by JP,64-17834,A using the horizontal-type continuous casting machine. 

[0061]Before carrying out a shearing examination in any sample, heat treatment of 8 hours was performed at the 
temperature of 450 **. 

[0062]Table 2 this invention presentation and a comparison presentation to each presentation which it has Three 
different internal tissue (1), (2) And the result which the details of the internal tissue, the particle diameter of silicon 
particles, shearing nature, fatigue characteristics, and abrasion resistance compared is shown about each sample 
produced so that it might have (3). In the column of the internal tissue of Table 2, a number shows "the maximum droplet 
size of the mean-particle-diameter (maximum droplet size) surface of silicon particles" per mum. In the column of the 
internal tissue of Table 2, "C" means cast structure, "H" means hot rolling structure, and "R" means recrystallized 
structure. 

[0063]The shearing examination carried out the visualjudgment of the unevenness of a sheared surface for the sample 
after cutting with the shearing machine, and evaluated the defective fraction in 5000 pieces by the count. 
[0064]The fatigue test and the abrasion resistant test were done after T6 processing (what carried out hardening 
treatment underwater and carried out aging treatment at the temperature of 180 ** for 8 hours after heat-treating at 

5 

the temperature of 480 ** for 5 hours), respectively. The fatigue test estimated with the stress value of 10 time, after 
producing the dumbbell specimen (a parallel part is 8 mm in diameter, and GL is 10 mm) from the bar and asking for a S-n 
curve by completeness both ways (R=-1). In the abrasion resistant test, it carried out by producing a pin 28 mm in 
diameter on the disk made from SU J2 which rotates by per minute 600 revolutions from a bar, pressing this pin against it 
by the power of 50kgf using a pin / disk-type testing machine, and measuring the decrement of weight as abrasion loss 
after 300-hour progress. 

[0065]About shearing nature, fatigue characteristics, and abrasion resistance, a thing good for O seal and the next is 
shown in ** seal, and what was most inferior is shown for what was most excellent in the same presentation, respectively 
in Table 2 by x seal. When equivalent, the same sign shows. 
[0066] 
[Table 1] 
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[0068]As shown in Table 2, what has internal tissue (1) in presentation No.1 of this invention presentation - 9 (this 
invention article), i.e., the aluminum alloy long body according to this invention. While having the shearing nature which is 
not in the former with the presentation and internal tissue, it turns out that it has the fatigue characteristics the former 
and more than equivalent, and abrasion resistance. 

[0069]Next, the influence of the particle diameter of the silicon particles in a surface which is another restrictions of the 
internal tissue of the aluminum alloy long body of this invention is shown. The ingot produced with the pro PERUCHI 
casting machine forms a chill layer near the surface which touches a mold. Inside this chill layer, it distributes very 
minutely, and silicon particles are crystallized, and are easy to produce a crack suitable at the time of shearing. If the 
silicon particles inside this chill layer are grown up, the density of silicon particles will decrease and it will become easy to 
deflect a crack. In the long body which gave not less than 40% of workability, since a chill layer is in the range from a 
surface to a depth of 1.5 mm, control of the silicon particles within the limits of this is needed. 

[0070]ln the case where the heat treating time in the temperature of 450 ** is changed when drawing 1 produces the 
sample which has the above-mentioned internal tissue (1), (2), and (3) to presentation No.5 of this invention presentation 
shown in Table 2, The relation of the particle diameter of the greatest silicon (Si) particles and shearing defective fraction 
which exist in within the limits from a surface to a depth of 1.5 mm is shown. 

[0071]In drawing 1 , below-mentioned drawing 2 , and drawing 3 , a defective fraction ratio (%) is expressed with the 
following formulas, when based on the number of defectives of the unprocessed elegance of the sample which has 
internal tissue (3). 
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[0072] A decision criterion with poor good at the time of defective fraction ratio (%) ={(number of defectives)/(number of 
defectives of unprocessed elegance of internal tissue (3))} x100 shearing is shown below. Visual observation of the 
unevenness of a sheared surface was carried out for the sample after cutting with the shearing machine, and the number 
of defectives in 30000 pieces was counted. The mode to count was considered as the outside crack which a crack 
produces in a sample outside (peripheral surface) by cutting, and the end face crack which a crack produces in the 
sample end face (cutting plane) by cutting. 

[0073]3n order to grow up early with the mechanism in which the direction of small silicon particles is considered to be 
Ostwald growth in the alloy which added strontium, in the casting material using a pro PERUCHI continuous casting 
machine, the silicon particles of a chill layer region grow early. For this reason, in considered heat treatment within the 
limits, in the sample in which mean particle diameter exceeds 10 micrometers, a maximum droplet size does not exceed 
30 micrometers, and the sample which has internal tissue (1) also has internal tissue (2), mean particle diameter exceeds 
20 micrometers and a maximum droplet size did not exceed 40 micrometers. On the other hand, silicon particles detailed 
to an inside are distributing the sample which has internal tissue (3) with the high cooling rate. For this reason, the 
particle diameter of the maximum silicon particles in within the limits from a surface to a depth of 1.5 mm and the particle 
diameter of the maximum silicon particles of the whole sample were mostly in agreement. 

[0074]If the particle diameter of the maximum silicon particles of within the limits to a depth of 1.5 mm becomes larger 
than 5 micrometers from a surface so that clearly from drawing 1 , It turns out that a defective fraction will increase even 
if mean particle diameter is 10 micrometers or less and a maximum droplet size is 30 micrometers or less inside [ whole ] 
a sample, and a merit is lost to the conventional material. The result was the same although same investigation was 
conducted also to presentation No.2 of this invention presentation, and 8. 

[0075]Next, it is shown that shearing nature changes also with hardness of the long body of an aluminum alloy. After 
drawing 2 carries out heat treatment of 5 hours at the temperature of 480 ** in producing the alloy long body of 
presentation No.6 of this invention presentation shown in Table 2, it changes cooling conditions and shows the shearing 
defective fraction of the sample which has each hardness (HRB: F scale of Rockwell hardness). A defective fraction is 
shown in drawing 2 about the sample which has a sample (this invention article) which has internal tissue (1), and the 
internal tissue (2) and (3) like drawing 1 . this invention article shows good shearing nature especially in 50-90 with the F 
scale of Rockwell hardness. The same result was obtained although same investigation was conducted also to 
presentation No.2 of this invention presentation of Table 2, and 8. 

[0076]When the defect of the shearing examination was investigated about the aluminum alloy long body which has the 
internal tissue (1) of this invention which shows in Table 2, it turned out that surface discontinuity, such as a minute 
crack, is acting. When observing the fracture surface, the size of the critical crack was larger than 10 micrometers at 
surface roughness Rmax. Preferably, in order to remove surface discontinuity, it is desirable to carry out surface cutting. 
However, as mentioned above, since the size of a crack is larger than 10 micrometers at surface roughness Rmax, it 
needs to set surface roughness to 10 micrometers or less by Rmax. 

[0077]Peeling processing and dice scalping processing were performed about the sample of internal tissue (1), (2), and (3) 
to presentation No.3 of this invention presentation of Table 2, and 6 and 9. As a result, in internal tissue (2) and the 
sample of (3), dice scalping processing was impossible. Drawing 3 shows the shearing defective fraction of each sample. 
According to drawing 3 , it turns out that the shearing defective fraction after dice scalping processing of this invention 
article (sample of internal tissue (1)) is low. On the character of the processing, since the level difference by **** arose 
on the surface, it is thought of that the sample after peeling processing showed the high defective fraction to the sample 
after dice scalping processing. Although dice scalping processing has been processed by linear velocity 60 m/min, linear 
velocity 10 m/min of peeling processing was a maximum. 

[0078]When the ingot produced with the pro PERUCHI continuous casting machine is investigated, in order to obtain the 
aluminum alloy long body which has the internal tissue (1) of this invention which showed in Table 2, it turned out that it 
is necessary to carry out continuous casting so that secondary branch intervals of the dendrite of a cast body may be 
set to 40 micrometers or less. If it casts in the low cooling rate which does not fulfil! this condition, as mentioned above, 
good shearing nature cannot be obtained. When after casting changed rolling temperature, the ingot has been processed 
only in a 350-500 ** temperature requirement. The aluminum alloy long body by above-mentioned this invention needs to 
consist of either of the mixed organizations of hot rolling structure, re crystallized structure, hot rolling structure, and 
recrystallized structure. This is clear from most of the cutting planes which produced the defect of the cast bar in the 
shearing examination of Table 2 having broken along the casting grain boundary. After casting, when the sample was 
sampled and investigated from each rolling stand, and workability was 40%, cast structure was canceled mostly. 
[0079]Heat treatment for the particle diameter control of silicon particles and the control of a crystal grain by 
above-mentioned hardness adjustment was feasible the range of 300-480 ** temperature, and in 2 to 50 hours. 
[0080]After performing heat treatment of 5 hours at the temperature of 480 ** to the aluminum alloy long body of 
presentation No.3 of this invention presentation, and 6 and 9 shown in Table 1 on the occasion of dice scalping 
processing, cooling conditions were changed and the scalping processing condition was investigated. When becoming 34 
or 40 [ 30 and ] or less with the F scale of Rockwell hardness, peeling generated hardness, respectively. On the other 
hand, scalping processing was able to be performed as a maximum of hardness, without producing a KAPPI fracture to 98, 
96, and 93 with the F scale of Rockwell hardness. However, since the possibility of trauma generating will increase if a 
heat treatment process is added after dice scalping processing, It is good to adjust hardness with the F scale of Rockwell 
hardness within the limits of 45-85 beforehand, and to adjust in consideration of work hardening at the time of dice 
scalping processing, so that it may become within the limits of 50-90 with the F scale of the suitable hardness for 
shearing, and Rockwell hardness after dice scalping processing. 

[0081]The amount of dice scalping must not remove the detailed silicon particles of a surface chill layer region. Since a 
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chill layer was removed, or it would become easy to deflect a crack if the particles of a chill layer region are grown up, it 
was checked by the dice scalping examination done about the sample (this invention article) which has the internal tissue 
(1) which showed drawing 1 t hat dice scalping processing becomes difficult. For this reason, although dice scalping 
processing should carry out from the surface in the range whose depth is shallower than 1 .5 mm, if mechanical load and 
material loss are taken into consideration, it is preferred that the depth carries out within the limits of 1 mm or less. When 
same investigation was conducted to presentation No.1 of this invention presentation shown in Table 1 - 9 and the shape 
of the scraps at the time of dice scalping processing was compared, the direction of presentation No.2, and 3, 5, 6 and 9 
showed the shape finely divided compared with presentation No.1, and 4, 7 and 8. Iron content exceeded 0.2 mass % and 
dice scalping processability became good especially within the limits of 0.3 mass %. 

[0082]lt should be considered that the embodiment and example which were indicated above are [ no ] illustration at 
points, and restrictive. The range of this invention is shown by the above an embodiment or not an example but claim, and 
includes a claim, an equivalent meaning, and all the corrections and modification in within the limits. 
[0083] 

[Effect of the Invention]As mentioned above, according to this invention, it not only has high fatigue strength and high 
abrasion resistance, but, The material which could obtain the wear-resistant aluminum alloy long body excellent in 
shearing nature and dice scalping nature, for example, fitted the member with wear-resistant high demand characteristics 
like the piston for car air conditioners can be provided. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ti lt is a figure showing the relation of the particle diameter of the greatest silicon particles and shearing 
defective fraction which exist in within the limits from a surface to a depth of 1.5 mm. 

fDrawing 2l lt is a figure showing the relation between surface hardness (F scale of Rockwell hardness), and a shearing 
defective fraction. 

[Drawing 3l lt is a figure showing the shearing defective fraction after peeling processing and dice scalping processing. 
[Drawing 4] It is a mimetic diagram showing peeling processing. 
[Drawing 5]I t is a mimetic diagram showing dice scalping processing. 
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[0 0 10] H4&s Mtt*i:LT^Wh2^fflV>T 
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%&L±0. 3K«%W"T\ * (Cu) £2. 0«*%W 
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WWttft^r * ££$>lCs '&%£ BW£U:0*8 l &ttfc 
[0 0 6 9] mn, *m&7fr%-?k$&BtRV&> 

its t ^c«miis mm t mt^w&m^^mmm 

tfflffl L*>? <%%o 4 0 %tt±oirax*^#^fcftR 

f-;I/Jitiayi*»6a« 1 . 5mm*TJ©KHfe: 

[0 0 7 0] Hi tt, »2fcjj*L;fc#»fllifflJS©fflJ8N 

0. 5 tMUTs ±a©FW»Blt ( 1 ) ^ (2) *J*tf 

(3) ^Tzunzttm-rz Rfc, iag4 5 o°c-e© 

1. SmmSTfOeHrtfcSfe"*"***:©^^^^ (S 

i ) ft ? ©eti t %/ *t -mm- BMh<D mm^T . 

[0 0 7 1] H 1 x fcj40H2i3.fctfH3fcfc^ 

Tn ^s*j± (%) tt, mum o) %#i-&sm© 
[0072] c%) = { (JF&mm / mm 



mm, (3) (Dmmmff a <D^&mm \ >< i o o 
(.woe) icmm^vziQmintLrco 

[0073] xhuy^^muhtc^v^ /h£ 
KltJ: , 5J?<j«fi'r*fc«>s ^o^;i/f-5SIMBMI*ffl 

S 0 C©fc«>, ^WLfc^aiSH^T-tt, WgPffili 
( l ) %*-f^M^T-t¥*£jSg^ 1 0 n m, gytlig 

^3 0/im*iS^.sc:fctta<^ tt%mm (2) ^wr 

5tffitfeV^Tfe¥±&ftS^2 0 ju m, *+JSSj^4 0 
fi m%MX% £ ttt^-3 fc 0 -75", F*3§P» (3) * 

40 5 mm$"P©iBfif©I^'> U 3 ^ft^©ftSi:M^ 

[0 0 7 4] llfrbibMi^C aHiOS? 
1 . 5 mm S T?©«HflO«*^ 'J 3 >ft?©SS* s 6 

i^ftg^ 1 0 /i mJ^Ts «^ftg^3 0 /i mttTT^^ 

<&^ili:^W 0 S3b\ *»MO«No. 2 

50 [0 0 7 5] ^lc, i»-&AOfiR#®B?«t 
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(HRB : P7i")i;H30FX^-;W **TSK 

i fcnaic, en (.$mw 
0 °p) s w (2) (3) msiffli"^ 

^--/l/T-5 0-9 OflDftffl^taffft^-fr— WBHt* 10 
gltl/^o St2©*f|9BM£>iMNo. 2fc8t« 

[0 0 7 6] SI 2 fcgVf #&W®rtBPfflj|K ( 1 ) 

§ 7 ;v ^ - y A-a-^SRf* t — WWKR©^ 

ilKRmaxtlO/tmiH^ 

t s sffi^jgij^^fli-r?. c t^g* Lt/\ fiu ±*s© 

<fc 5 ICs m<Djz%Z\5., *ffiffi£ RmaxT*10(im<t 20 
»)&**^fc©"TN&*;feik SifiSSRmax-ei 0 

[0 0 7 7]i2©*^ii©|MNo. 3i:6£9 
fcMLT. ^iS UK (2) *J<fctf (3) ©K^ 

t-D^Ts t o -uyy®a, 947.&M%$£&t&L 

fc. c©l£HI, filll (2) t (3) ©ftffiTii, * 
ffi CftSlM (1) ©SB*) O^X&WSfftSftCS/ 

fi**3*l/fc©tk ^©^©ttRXs Sffitc^fcij; 

Wmi-W&M 6 0 m/m i n ^ilBXt?#fc*\ tf- U > 
^BatillMiei 0m/mi nffiBffcoft. 
[0 0 7 8] ^P^;l/f«KiBi«Tfff«bfc'im*il 
fitfc i: c 5, * 2 fc^bfc*SSWOrtaifilffll ( l ) * 

Ofy h © 2 ^eifflH^ 40/i mfiff fc & 5 £ -5 

safe s at ^gv ^mmscw^t ±m l £ ± 5 1 

fflffiB***{fcS*fe fc C 5, ft8H£ 350-500 °C 



(9) #12 0 0 3-2 7 1 7 1 

16 

Lit t C 5s ftjl** 1 4 0 %0fl&&-?»iSfflffiMil£»P 

[0079] ±a®SBSEM3lTfs 5"J 

*a B B s s©si»fc^^^®a«, ag3 oo~48 
o°c©isk, 2-5 onfiiiio*HT?*fitRrt6Ta6ofco 

[0 0 8 0] ^XftMSffflSfclRLTli* * 1 fc^f 
*5SB^MCIMN o . 3 k 6 9 ©T^-^A^ 
ftR{*tC*KT, SS4 8 0"CT*5B^©IWffl&*StL 

fco ^ft^'tifiSgfin 7 * srccjWBS © F x^— 3 
0, 3 4, 4 0WTfcft*»&fc«Wa*^bfc. - 
7a, 5SS^±PSi:L,Tii, n v *tfx;Mg£© F X^r- 
;H?9 8. 9 6, 9 3$T#«y lf-HfflW*^U*Ci:4 

T, f ftp <)x;H2 JDFX^-;Vt45~8S(D 

;1/T*5 0-9 0©tlEHrtfcft*J:?tmEt"*O*«J: 
t\ 

[0 0 8 1] fc*s, ^xjgf(€M{i, *iBo^;WMl 

^ 5 «y * AMsib] L^-T < tested 94 xgtX21t!&& 
mMlc&Z cili, 01 fciSbtertasfiH ( i ) 

MfrZWZtf 1. 5 mm<fc O^^HT-fT^^^tT^ 

f *f8B^|M<7)IMN o . 1 -9 IcWbTraaciBE* 

IMNo. 2, 3, 5, 6, 9©WilNo. 
K 4, 7, 8 J±<T!fflfr < ^»T^ tlfcBttZ* L 

fro 94x&Mmmmm<v^mi?o. znm%* 
[0082] ^icm^nrcmmmm^rMmitir 

ti-5<^l?fc?>o *l§BJ!(DigH(i, J!JU:©^K©««^ 
[0 0 8 3] 

W±©<tdfc, *SSWfcJ:ntf% H^JS 
^ftRf**f#«C £tfT*%, It tan, *-i73Vr 



(10) 



2003-27171 
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[0 1 ] mMfrZMS 1 . 5 mm$T©ISBF*3k:#ft 
[0 2] ^fflfiSfi (P'j^^i^CFX^-W * 



12D 



[01] 










* t 




2 4 6 

Ib&lfcKci"* 


3 20 



18 



[0 3] t°-uy» itJZJtmifj&Sto&Di' 

[04] ^-u>^ii^stiaat^?o 
[0 5] ^yxj£iijifffi3£WSS0-£aD£ o 

[02] 




4J 

K" 2D 



/2o 

t 

A3 

Hr 

0 



[S3] 



# * ft a * ft n 

& % ® « % « - as 

en w & n n a ssL 

* * 9 » S 9 



[04] 




[5] 



(11) 



#M 2003-27171 



(51) Int. CI.' 

C 2 2 F 1/043 
// C 2 2 F 1/00 



6 3 0 
6 5 1 
6 9 1 



6 9 4 



inmmm tap *a- 

sam/immsfflBjziTB is« m& 

inmmm mm. 

mtamMmsmm-TB i mm m&i 

azmwm mm mm 

^BgmitbTEKftM-TB l#3^ {££1 



F I 

C 2 2 F 1/043 
1/00 



T-73-K (##) 



6 3 OD 

6 5 1 B 

6 9 1 B 

6 9 1 C 

6 9 4 A 

6 9 4 B 



(72)3§B#g 

^KrUftTEEftM-TB i#3^ 

mwm mw mm 
(72)hbj« *95g mm 

F£-A(##) 4E096 EA05 EA12 EA14 HA30 KA10 
KA19 



